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Izvod

Klizista su, uz poplave i potrese, najcesce prirodne
katastrofe u Hrvatskoj. Zbog toga sto uzrokuju velike eko-
nomske i socijalne gubitke, vrijedi ih na vrijeme prepoznati
i po mogucnosti sprijeciti njihov nastanak. U radu je te-
meljem GIS analize izraden sloj s definiranim razredima
ugroZenosti padina potencijalnim klizistima na prostoru
Grada Lepoglave. U analizu su ukljuceni ¢imbenici koji su
definirani kao uzrocnici klizanja, tj. oni koji su uzrokovali
postojeca klizista. To su morfometrijski cimbenici odredeni
nagibom i ekspozicijom padine, litoloski i pedoloski sastav
podloge, kolic¢ina padalina te antropogeni utjecaji. Rezul-
tat GIS analize je sloj potencijalne ugroZenosti padina
klizistima podijeljen u 5 kategorija, od vrlo visoke do vrlo
niske opasnosti.

Kljuéne rijeci: klizista, prostorna analiza, GIS, Lepo-
glava

UvVOD

Grad Lepoglava sastavni je dio Varazdinske Zu-
panije koja se nalazi u krajnjem sjeverozapadnom dije-
Iu Republike Hrvatske, a grani¢i s Republikom Slo-
venijom, Medimurskom, Koprivni¢ko-krizevackom,
Zagrebatkom 1 Krapinsko-zagorskom Zupanijom.
Podruc¢je Grada Lepoglave granici na sjeveru s Repu-
blikom Slovenijom, na jugu s Krapinsko-zagorskom
zupanijom, na istoku s Gradom Ivancom i s Op¢inama
Klenovnik, Donja Voca, a na zapadu s Op¢inom Bednja.
PovrSina Grada Lepoglave iznosi 66,42 km?, a u svom
sastavu obuhvaca ukupno 16 naselja (sl. 1). Prema popi-
su iz 2001. godine (DrZzavni zavod za statistiku Repu-
blike Hrvatske), na podruc¢ju Grada Zivjelo je ukupno
8718 stanovnika, §to je 4,76% stanovniStva Zupanije, s
gusto¢om naseljenosti od 134,5 stanovnika/km?.

Abstract

Apart from floods and earthquakes, landslides are among
the most common type of natural disaster to occur in Croatia.
Since landslides cause considerable economic and social dam-
age, it is very important to detect and prevent their occurrence
on time. In this paper, GIS analysis was used to calculate an
inclined soil layer with defined classes of potential landslide
hazards in the town of Lepoglava. This analysis considered
factors that influence landslides, which are defined as landslide
causal factors, i.e. those that have caused the existing land-
slides. These are morphometric factors determined by slope
inclination and slope exposition, lithological and pedological
structure, annual rainfall and anthropogenic influences. Using
GIS analysis, an inclined soil layer of landslide susceptible ar-
eas and slope failure was calculated and five different classes
of relative landslide hazard were derived as follows: very low,
low, medium, high, and very high landslide hazard.

Keywords: landslide, spatial analysis, GIS, Lepoglava

INTRODUCTION

The town of Lepoglava lies within Varazdin County
in the north-westernmost part of the Republic of Croatia,
and bordering on the Republic of Slovenia and the Med-
jimurje, Koprivnica-Krizevci, Zagreb and Krapina-Za-
gorje Counties. The territory of the town of Lepogla-
va borders with the Republic of Slovenia to the north,
Krapina-Zagorje County to the south, the town of Ivanec
and the municipalities of Klenovnik and Donja Voca to
the east, and the municipality of Bednja to the west. The
territory of the town covers an area of 66.42 km?, and
includes 16 settlements (Fig. 1). According to the 2001
census (Central Bureau of Statistics of the Republic of
Croatia), the population of the town is 8,718, or 4.76% of
the population of the county, and the population density
is 134.5 persons/km?.
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Sl. 1. Grad Lepoglava — istrazivano podrucje
Fig. 1. Town of Lepoglava — study area
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Kako u svijetu, tako se i u Hrvatskoj sve cesCe
suocavamo s problematikom neZzeljenih prirodnih pojava
kao $to su kliziSta, poplave i potresi. Bilo da su ti procesi
posljedice ljudskog djelovanja na okolis$ ili su rezul-
tati prirodnih procesa, njihovo je sprjecavanje i izbje-
gavanje vazno kod ocCuvanja kvalitete Zivotne sredine
suvremenog Ccovjeka. Klizanja su izraziti destrukcijski
derazijski procesi, Cija pojava Cesto ima katastrofalne
posljedice u naseljima, na komunalnim vodoopskrbnim
i vodozastitnim objektima, prometnicama, poljoprivred-
nim i Sumskim povrSinama (Bognar, 1996.). I u slucaju
kada nisu katastrofalna, klizanja predstavljaju ozbiljan
problem, jer uzrokuju izravne ili neizravne ekonomske i
socijalne gubitke na privatnim i javnim dobrima. Izravne
Stete nastaju u trenutku aktiviranja klizista, oSteCivanjem
objekata i ljudskim gubicima. Mnoga klizanja poveza-
na su s drugim istovremenim nepovoljnim dogadajima:
bujicama, erozijom tla, poplavama itd. Najveci broj
aktivnih kliziSta danas izazvan je neodgovarajuéim
gradevinskim zahvatima i obradom zemljista.

Geomorfoloskom i geoekoloskom problematikom
procesa klizanja i nastankom klizi§ta u Republici Hr-
vatskoj i Republici Bosni i Hercegovini bavi se Bo-
gnar (1996.). Isti autor u ranijim radovima definira i
geomorfolosku podjelu kliziSta na tepih ili slojna, rota-
cijska, stepenicasta, blok kliziSta i klizi§ta potoci (Bo-
gnar, 1983.). Vezu geomorfoloskih ¢imbenika i pojave
klizi$ta istrazuju Van Westen i dr. (2003.), te Galli i dr.
(2008.). Postankom, rizicima i sanacijom Steta kliZenja
u sjeverozapadnom dijelu Hrvatske bave se Goti¢ i
Goti¢ (1998.), dok Mihali¢ i dr. (2008.) procjenjuju
kvalitetu ulaznih podataka za kartiranje osjetljivosti na
klizanje u slivu potoka Starce (Zagrebacka zupanija).
Primjena GIS-a u prostornoj analizi ugroZenosti padi-
na klizanjem detaljno je obradena u radu Carrara i dr.
(1995.).

Cilj ovoga rada je izraCunati tematski kartografski
prikaz ugroZzenosti padina klizi$tima na prostoru Grada
Lepoglave primjenom GIS tehnologije.

METODE I MODEL RADA

Temeljna metoda prostorne analize ugrozenosti
padina kliziStima primijenjena u ovom radu vezana je
za Cinjenicu da Ce lokacija pojave novih kliziSta biti
¢e$¢a na lokacijama sa slicnim fizickogeografskim
(geoloskim, geomorfoloskim, pedoloskim, hidroloskim,
klimatoloskimi vegetacijskim), te druStvenogeografskim
(stupanj izgradenosti prostora, uklanjanje Sumskog
pokrivaca te blizina prometnica) uvjetima pod kojima
su nastala recentna klizi$ta. Prema tome, prvo je potreb-
no odrediti polozaj dosadasnjih kliziSta te utvrditi pod
kojim su uvjetima ona nastala. Prema Suganthi i Sriniva-

In Croatia, as elsewhere in the world, the problems of
undesirable natural events such as landslides, floods and
earthquakes are a common problem. Regardless of wheth-
er these processes are the result of human activities on the
environment or the result of natural processes, their pre-
vention and avoidance are important in order to maintain
a high quality of life for the modern man. Landslides are
exceptionally destructive erosion processes that can often
have catastrophic consequences in settlements, on munici-
pal water supply systems and water protection structures,
roads and agricultural and forested lands (Bognar, 1996).
Even when they are not catastrophic, landslides represent a
serious problem, as they cause direct or indirect economic
and social losses of private and public resources. Direct
damages occur at the moment the landslide is activated,
damaging structures and causing human losses. Many
landslides are simultaneously connected to other unfavour-
able events, such as flash floods, soil erosion, flooding, etc.
The largest number of active landslides today are caused
by inappropriate construction works and land cultivation.

Bognar (1996) addressed the geomorphological and
geoecological issues concerning the landslide process and
the formation of landslides in the Republic of Croatia and
the Republic of Bosnia Herzegovina. In earlier papers,
this author also defined the geomorphological divisions of
landslides into creep, rotational, stepped landslide, block
landslides and earthflows (Bognar, 1983). Van Westen et
al. (2003) and Galli et al. (2008) examined the relation-
ship between geomorphological factors and the appear-
ance of landslides. Goti¢ & Goti¢ (1998) examined the
appearance, risks and reclamation of damages caused
by landslides in north-west Croatia, while Mihali¢ et al.
(2008) assessed the quality of entry data for mapping
landslide susceptibility in the Starce Stream catchment
(Zagreb County). GIS was used in the spatial analysis of
the susceptibility of slopes to landslides and described in
detail by Carrara et al. (1995).

The objective of this paper was to calculate a thematic
map overview of the susceptibility of slopes to landslides in
the area of the town of Lepoglava using GIS technology.

METHODS AND WORK MODEL

The fundamental spatial analysis methods employed
in this paper to analyse the susceptibility of slopes to
landslides is based on the fact that the locations of the
appearance of new slides will often be at locations with
similar physical geographic (geological, geomorpholog-
ical, pedological, hydrological, climatological and veg-
etation) and social geographic (degree of construction
of the area, removal of the forest cover and proximity
to roads) conditions under which recent landslides have
occurred. As such, it is first necessary to determine the
position of previous landslides and determine the condi-
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sanu (2010.) postoje dva pristupa dodjeljivanja teZinskih
udjela i bonitetnih klasa uzro¢nicima klizanja. Prvi se
temelji na subjektivnom pristupu kod kojeg pojedinac
odreduje bonitet pojedinog parametara na temelju vla-
stitih istrazivanja i postojece literature. Drugi, statisticki
pristup, primijenjen je u ovom radu te su boniteti para-
metara odredeni brojem postojecih kliziSta unutar pro-
matrane kategorije ¢cimbenika uzroka nastanka kliziSta.
Odreden broj zabiljeZenih klizi$ta na pojedinoj jedinici
svakog promatranog parametra dodijelit ¢e se toj jedi-
nici kao bonitetna kategorija te jedinice. Tako klasifi-
cirani slojevi, primarno u rasterskom modelu, spremni
su za zavr$nu sintezu metodom prostornog prekla-
panja. S obzirom na vrstu uzro¢nika klizanja, podaci
su organizirani u Cetiri grupe: geomorfoloski, geoloski,
bioklimatoloski i antropogeni ¢imbenici. Kao proizvod
te analize izraCunata su Cetiri rastera uzro¢nika koji se
dalje opet reklasificiraju te prostorno preklapaju kako bi
se izratunao konacan rezultat tj. konacan kartografski
prikaz ugroZenosti padina kliziStima podrucja Grada
Lepoglave.

GIS analiza provedena je u programskom paketu
ArcGIS Desktop, verzije 9.3. tvrtke ESRI. KoriStena je
softverska komponenta ArcCatalog za kreiranje baze
podataka, ArcMap za manipulaciju, te ArcToolbox za
analizu prostornih podataka. GIS analiza ukljucila je i
izradu modela procesa pomocu ModelBuilder modu-
la ArcGIS paketa. ModelBuilder predstavlja modul za
stvaranje prostornog modela odredenog geografskog
podrucja. On osigurava graficko okruzenje za stvaranje
dijagrama koji se sastoji od viSe koraka za izvrSavanje
kompleksnih  geoprocesnih zadataka (Manegold,
2003.).

Vecina analiza koje ukljucuju geomorfoloske, to¢nije
morfometrijske sadrzaje zahtijevaju koriStenje digital-
nog modela reljefa (DMR) (Pahernik, 2007.). DMR pre-
dstavlja skup to¢aka na povr$ini Zemlje ¢ije su prostorne
koordinate x, y, z pohranjene na nosiocu pogodnom za
daljnju kompjutorsku obradu. Kao takav definira se kao
matematicki model Zemljine fizicke povrSine predocen
diskretnim veli¢inama, memoriranim na medijima za
pohranu podataka. Za izradu DMR-a koriStene su vek-
torizirane slojnice i visinske tocke s topografskih karata
mjerila 1:25.000 (Izdanje Vojno-geografskog instituta iz
Beograda) koje prekrivaju promatrano podrucje. To su
listovi Krapina 270-2-4 i 270-4-2 te Varazdin 271-1-3 i
271-3-1.

PRIRODNO-GEOGRAFSKI OKVIR
NASTANKA KLIZISTA

Podrucje Grada Lepoglave morfoloski je podijeljeno

na rubni gorski prostor, zatim na srediSnje brezuljkasto
prigorje 1 nizinu rijeke Bednje. Gorsko podrucje obuh-
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tions that caused them. According to Suganthi & Srini-
vasan (2010), there are two approaches to assigning sever-
ity and weight classes of landslide causative factors. The
first is based on a subjective approach in which the indi-
vidual assigns weights of a parameter based on experience
and the literature. The second is a statistical approach,
which is also applied in this paper, and the weights of
the parameters are determined based on the number of
existing landslide areas within the observed category of
the landslide causative factor. The determined number of
existing landslide areas per unit of each observed param-
eter are assigned to that unit as the weight category of
that unit. Layers classified in this way, primarily in the
raster model, are prepared for the final synthesis using
the spatial overlap method. With regard to the type of
landslide causative agent, the data are organised into four
groups: geomorphological, geological, bioclimatological
and anthropogenic factors. In this analysis, four rasters of
causative agents are calculated, which allow for a reclas-
sification and spatial overlap in order to calculate the final
result, i.e. to give the final map of landslide susceptibility
of slopes in the area of the town of Lepoglava.

The GIS analysis was conducting using the ArcGIS
Desktop software package (version 9.3, ESRI). The
components used were ArcCatalog for the creation of
databases, ArcMap for manipulation and ArcToolbox
for analysis of spatial data. The GIS analysis also in-
cluded the creation of process models using the Model-
Builder module of the ArcGIS package. ModelBuilder
is a module for the creation of spatial models for a given
geographic area. It provides a graphic environment to
create diagrams consisting of several steps in order to
compute complex geoprocess tasks (Manegold, 2003).

The majority of analyses including geomorphologi-
cal and, more specifically morphometric content re-
quires the use of a digital terrain relief (DTR) (Pahernik,
2007). The DTR represents a collection of points on the
Earth’s surface whose spatial coordinates X, y, z are
stored on a platform suitable for further computer proc-
esses. As such, it is defined as a mathematical model
of the Earth’s physical surface as seen using discrete
sizes, stored on a data storage medium. Vectorised lay-
ers and altitude points from 1:25,000 scale topographic
maps (Edition of the Military Geographic Institute in
Belgrade, Serbia) covering the study area were used to
develop DTMs. These were the sheets Krapina 270-2-4
and 270-4-2, and Varazdin 271-1-3 and 271-3-1.

NATURAL-GEOGRAPHIC FRAMEWORK
FOR LANDSLIDE FORMATION

Morphologically, the area of the town of Lepoglava
is divided into the mountainous area at its edges, and the
central, hilly area and lowland of the Bednja River. The



Acta Geogr. Croatica, vol. 38 (2010.-2011.), 35-58, 2012.

I. Lopari¢, M. Pahernik: GIS analysis of landslide susceptible areas...

vaca sjeverozapadne padine gorskih hrptova IvansCice
i Ravne gore. IvansCica je najviSa planina u sjevero-
zapadnoj Hrvatskoj (1061 m), dok unutar istraZivanog
prostora dostize visinu 400 do 500 m. Ravna gora (677
m) je smjeStena u sjevernom dijelu i gotovo se cijelom
povrsinom nalazi na teritoriju Grada Lepoglave. Na njoj
nema morfoloski istaknutih vrhova, nego se od Vinice
na sjeveroistoku postupno izdize do sela Cvetlin na ju-
gozapadu. Strmo odsjecene padine Ravne gore posljedi-
ca su razlicite geoloSke grade, kao i intenzivnog neotek-
tonskog izdizanja. Najstarije naslage na podrucju Grada
Lepoglave su gornjopaleozojske starosti (gornji perm)
na sjevernim padinama Ivanscice, zapadno od Gornjeg
Geckovcea 1 juzno od Ocure. Sastoje se od pjescenjaka,
siltita i crnih Sejlova. Sredisnji dijelovi gorskih hrptova
Ravne gore i Ivanscice izgradeni su od mezozojskih kar-
bonatnih stijena - vapnenaca i dolomita srednjeg i gor-
njeg trijasa (Simunic i dr., 1981.). DanaSnji izgled gorski
hrptovi Ivanscice i Ravne gora poprimili su nakon neo-
tektonskih izdizanja kojima su bile zahvacene u plioce-
nu i kvartaru (Simuni¢, 1983.).

BreZzuljkasta podrucja naslonjena na gorske hrptove
Ivans¢ice i Ravne gore tvore nepravilno rasporedeni
breZzuljci ¢ija nadmorska visina varira od 250 do 400
m. Padine su blago nagnute, a vrhovi zaobljeni §to je u
skladu s litoloskim sastavom naslaga koje ih izgraduju.
To su pjeScenjaci, slabo vezani pijesci, pjeskoviti i la-
poroviti vapnenci (Ancic i JuriSa, 1985.; Simuni€ i dr.,
1981.).

U sredi$njem dijelu istrazivanog podrucja nalazi
se dolina rijeke Bednje u sklopu Sireg tzv. Lepogla-
vsko-ivaneckog polja. Nizinu tvori niska i mjestimicno
mocvarna dolina rijeke Bednje s njezinim pritocima.
NajviSe vode Bednji donose potoci koji dotiCu sa sje-
vernih padina IvansSCice (Ocura) i potoci s Ravne
gore (Kamenica). Kvartarne naslage prekrivaju znat-
ne povrsSine brezuljkastog i nizinskog dijela. Nasla-
ge proluvija imaju znatno rasprostranjenje u nizim
breZzuljkastim dijelovima. Barski sedimenti taloZeni su
u dolini Bednje i u recentnim moc¢varama. Aluvijalne
se naslage sastoje od sitnozrnatih klasticnih sedimena-
ta, kao $to su siltni pijesak, pjeskoviti i glinoviti silt te
sitnozrnati §ljunak.

Na podrucju Grada Lepoglave u hidrografskom smi-
slu prisutni su povrSinski vodotoci i podzemne vode.
Glavni povrsinski tok je rijeka Bednja. Bednja ima plu-
vijalni (ki$ni) reZim, s maksimumom protoka u proljece
(oZujak - travanj). Glavno obiljeZje vodnog rezima Be-
dnje je lepezast oblik porjecja, nepovoljna raspodjela pa-
dalina i uvjeti otjecanja, Sto uzrokuje naglo formiranje
vodnih valova i poplava.

Klima Sireg podrucja je po Koppenovoj klasifikaciji
umjereno topla - vlazna klima (Cfb). Osnovno obiljeZje
te klime su topla ljeta kada srednja temperatura najto-

mountainous area includes the northwestern slopes of
the ridges of Mt. IvansCica and the Ravna Gora hills. Mt.
Ivans¢ica is the tallest mountain in northwestern Croatia
(1061 m), though the altitudes within the study area are
from 400 to 500 m. The Ravna Gora hills (677 m) are
situated in the northern part of the area and virtually their
entire area lies within the territory of the town of Lep-
oglava. There are no morphologically distinctive peaks on
the hills, instead they gradually increase in elevation from
Vinica in the northeast to the village Cvetlin in the south-
west. The steeply cut slopes of Ravna Gora are the result
of the varying geological structure of the mountain and
the intensive neotectonic lifting. The oldest deposits in the
area of the town of Lepoglava are of Upper Palacozoic age
(Upper Permian) on the northern slopes of Mt. Ivanscica,
west of Gornji Gec¢kovec and south of Ocura. These con-
sist of sandstones, siltites and black shale. The central area
of the mountainous ridges of the Ravna Gora hills and
Mt. Ivanscica are composed of Mesozoic carbonate rock
— limestones and dolomites of Middle and Upper Triassic
age (Simunic et al., 1981). The present day appearance of
these ridges is due to the neotectonic lifting that occurred
during the Pliocene and Quaternary ages (Simuni¢, 1983).

The hilly region extending from the mountain ridges
of Mt. Ivansc¢ica and Ravna Gora hills form irregular hills
with elevations ranging from 250 to 400 m. The slopes are
slightly slanted and the peaks rounded, due to the litho-
logical composition of the deposits forming them. These
are sandstones, poorly bound sands, and sandy and marly
limestones (Anci¢ & JuriSa, 1985; Simunic€ et al., 1981).

The Bednja River flows through the central part of the
study area called the Lepoglava-Ivanec field. The lowland
forms the low and sporadically wetland valley of the Bed-
nja River and its tributaries. The Bednja receives the ma-
jority of its water from the tributaries originating on the
northern slopes of Mt. Ivans¢ica (O€ura) and the tributaries
from Ravna Gora (Kamenica). Quaternary deposits cover a
significant area of the hilly and lowland parts. Proluvial de-
posits have a wide distribution in the lower hilly parts. Pond
sediments are deposited in the Bednja Valley and in recent
wetlands. Alluvial deposits consist of fine clastic sediments
such as silty sands, sandy and clay silt and fine gravel.

The hydrography of the area of the town of Lepogl-
ava consists of surface water courses and ground water.
The surface water course is the Bednja River. The Bed-
nja has a pluvial (rain) regime, with maximum flows in
spring (March — April). The main characteristic of the
water regime of the Bednja is the fan-shaped catchment,
the unfavourable distribution of precipitation and drain-
age conditions, which results in the rapid formation of
water waves and flooding.

The climate throughout the area according to the
Koppen classification is a moderately warm and humid
climate (Cfb). The basic properties of this climate are
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plijeg mjeseca ne prelazi 22°C (Segota i Filip¢ic, 1996.).
Topli dio godine u kojem je srednja temperatura visa
od godiSnjeg prosjeka traje od sredine travnja do sre-
dine listopada. Prema podacima meteorolo$ke postaje
Varazdin za razdoblje 1961. — 1990. god. (Drzavni
hidrometeoroloski zavod Republike Hrvatske), tem-
peratura najhladnijeg mjeseca kre¢e se izmedu 3°C
i 18°C, a srednju temperaturu visu od 10°C imaju
Cetiri mjeseca u godini. Srednja godiS$nja temperatu-
ra zraka iznosi oko 10°C. Najtopliji je mjesec srpanj
sa srednjom temperaturom oko 19°C, a najhladniji je
sijecanj sa srednjom temperaturom od -10°C. Tem-
peraturne su prilike najstabilnije ljeti, dok se tempe-
rature zraka najviSe razlikuju u zimskim mjesecima.
Godisnji hod koli¢ine padalina je kontinentalnog tipa
s maksimumom u lipnju i sekundarnim maksimumom
u studenom. Srednja godi$nja koliCina padalina izno-
si oko 900 mm. Najmanje padalina padne u sijeCnju
i veljaci. U toplom dijelu godine (od travnja do rujna)
padne viSe padalina nego u hladnom dijelu godine (od
listopada do ozujka). Od ukupne godiSnje koliCine pa-
dalina, 55-60% padne u toplom i 40-45% u hladnom
dijelu godine. Godisnji hod koli¢ina padalina pokazuje
dva maksimuma: primarni u ljeti i sekundarni u stude-
nom. Snjezni pokrivac javlja se od listopada do svibnja
i traje izmedu 30 i 45 dana. NajveCe visine snjeznog
pokrivaca iznosile su 57 do 70 cm. Padaline padaju 115
do 140 dana, odnosno 30-40% dana u godini. S obzi-
rom na mjesecnu ucestalost dana s padalinama, najva-
rijabilniji je studeni, a najstabilniji rujan.

REZULTATI I RASPRAVA

Prema Goti¢ 1 Goti¢ (1998.), krajevi sjeverozapadnog
dijela Hrvatske, zbog svoje geoloske grade i morfologije
terena, pogoduju pojavi kliziSta ve¢ i kod male promjene
geometrijeilioptereCenjanestabilnih kosina. Napodrucju
Grada Lepoglave registrirana su 24 klizi$ta (Prostorni
plan, 2003.). NajviSe kliziSta registrirano je u sjevernom
dijelu Grada. Stabilnost na povrSini ovisna je o debljini
rastroSenog pokrivaca, vrsti stijene u podlozi i 0 odnosu
vodopropusnosti rastroSenog pokrivaca i nerastroSene
stijene. Registrirana klizi$ta na istrazivanom podrucju
manjeg su obima i uglavnom su posljedica ljudske dje-
latnosti, najceSce uslijed zasijecanja trase ceste. Tako
su kliziSta i odroni registrirani i sanirani uz zupanijsku
cestu Florijan - Zlogonje, u mjestu Zlogonje i dvije loka-
cije uz cestu Cvetlin - ViSnjica, u mjestu ViSnjica. Na lo-
kalnim su cestama kliziSta i odroni registrirani na cesti
Kameni¢ko Podgorje - Zarovnica u mjestu Kamenicko
Podgorje i cesti Kamenica - Viletinec u mjestu Crkovec
(sl. 2).
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warm summers, in which the mean temperature of the
hottest month does not exceed 22°C (Segota & Filip€ic,
1996). The warmer part of the year, in which the mean
temperature is higher than the annual average, lasts from
mid April to mid October. According to data from the
Varazdin meteorological station for the period 1961-1990
(State Hydrometeorological Institute of the Republic of
Croatia), the temperature of the coldest month ranges be-
tween 3°C and 18°C, and a mean temperature higher than
10°C is reported for four months of the year. The mean
annual air temperature is about 10°C. The hottest month
is July, with a mean temperature of about 19°C, and the
coldest month is January, with a mean temperature of -
10°C. The air temperatures are most stable during sum-
mer and varies most during the winter months. The annual
course of precipitation is of the continental type, with a
maximum in June and a secondary maximum in Novem-
ber. The mean annual amount of precipitation is about 900
mm. The least precipitation falls in January and February.
More precipitation falls during the warmer part of the year
(April to September) than during the cooler part of the
year (October to March). Of the total annual precipiation,
55-60% falls in the warm part and 40—-45% in the cool
part of the year. The annual course of precipitation shows
two maximums: the primary maximum in summer and
secondary maximum in November. Snow cover appears
from October to May, and lasts between 30 and 45 days.
The deepest snow cover recorded was from 57 to 70 cm.
Precipitation falls from 115 to 140 days, or on 30—40% of
the days in the year. Considering the monthly frequency of
days of precipitation, the most variation is seen in Novem-
ber, while September is the most stable month.

RESULTS AND DISCUSSION

According to Goti¢ & Goti¢ (1998), due to its geo-
logical structure and terrain morphology, northwestern
Croatia is susceptible to the formation of landslides with
even small changes in geometry or burdening of unstable
slopes. In the area of the town of Lepoglava, there are
24 landslide areas (Prostorni plan, 2003). The majority
of these are registered in the northern part of the town
territory. The surface stability is dependent on the thick-
ness of the worn surface layer, the type of bedrock and
the level of permeability of the worn surface layer and
unworn bedrock. Registered landslide areas in the study
area are small in size and are usually the consequence
of human activities, most often following cuts for road
routes. Landslide and landfall areas are registered and
have been repaired along the county road Florijan — ZI-
ogonje, in the settlement Zlogonje and at two sites along
the road Cvetlin — Vi$njica near Visnjica. On the local
roads, landslide areas have been registered on the roads
Kamenicko Podgorje — Zarovnica at Kamenicko Podgor-
je and Kamenica — Viletinec at Crkovec (Fig. 2).
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S1 2. Primjer tepih klizi$ta u mjestu Crkovec
Fig. 2. Example of a layer landslide at Crkovec

Na pojavljivanje kliziSta utjece veliki broj cimbenika.
U ovoj analizi odabrani su oni ¢Cimbenici koji se najcesce
koriste u analizama ugroZenosti padina klizanjem,
kao Sto su: morfometrijski (nagib i ekspozicija padi-
ne), geoloski (litoloska obiljeZja podloge) i pedoloski
¢imbenici, godiSnja koli¢ina padalina, vegetacija, nacin
koriStenja zemljiSta, udaljenost od rije¢nih tokova i
udaljenost od prometnica. Postojeca kliziSta unesena su
u GIS bazu kao tockasti element, a zatim su ,,prekloplje-
na“ s definiranim slojevima kako bi se odredio bonitet
pojedine klase unutar tog sloja.

MORFOMETRIJSKI CIMBENICI

Za izracun morfometrijskih podataka koriSten je
digitalni model reljefa na temelju kojeg su generirani
slojevi nagiba i ekspozicije padina unutar istraZivanog
podrucja. Geomorfoloska klasifikacija nagiba padina te-

A large number of factors influence the appearance
of landslides. In this analysis, those factors most often
used in landslide susceptibility analyses were selected,
such as: morphometric (slope and exposition), geological
(lithological properties of the substrate) and pedologi-
cal factors, annual amounts of precipitation, vegetation,
land use, distance from water courses and distance from
roads. The existing landslide areas were entered into the
GIS database as point elements, and were then “over-
lapped” with the defined layers in order to determine the
weight of the individual classes within the layer.

MORPHOMETRIC FACTORS

To calculate the morphometric data, a digital relief
model was used to generate the slope layers and slope
expositions within the study area. The geomorphological
classifications of the slope inclinations were based on the
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o Kliziste/Landslide

Nagib (°)/ Bonitet/
Slope (°) Weight

0
1

15

S1 3. Nagib padina s lokacijama klizista
Fig. 3. Slope inclinations at landslide areas
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e Kliziste/Landslide
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S14. Ekspozicija padina s lokacijom kliziSta
Fig. 4. Exposition of slopes with landslides

43



Acta Geogr. Croatica, vol. 38 (2010.-2011.), 35-58, 2012.

I. Lopari¢, M. Pahernik: GIS analiza ugroZenosti padina klizi§tima u podrucju...

meljena je na dominantnim morfoloSkim procesima koji
se aktiviraju ovisno o vrijednosti inklinacije. Prema ra-
spodjeli kliziSta unutar standardne geomorfoloske klasi-
fikacije nagiba (sl. 3), zakljucuje se kako je najveci broj
upravo u kategorijama 5 — 12° (15 registriranih kliziSta)
te 12 — 32° (7 registriranih klizista).

S obzirom na ekspoziciju padina, utvrdeno je da
se najveci broj kliziSta nalazi na padinama s jugoza-
padnom ekspozicijom (6 registriranih klizi$ta), dok je
podjednak razvoj klizi§ta na sjevernim, juZnim i za-
padnim ekspozicijama (4 registrirana kliziSta). Jasno
da je ovakav udio kliziSta prema ekspozicijama padina
posljedica i povrSinskog udjela pojedinog razreda ek-
spozicije.

GEOLOSKI CIMBENICI

Kao osnovni geoloSki Cimbenik uzet je litoloski sa-
stav podloge. Izradena je digitalna litoloska karta pre-
ma osnovnim geoloSkim kartama mjerila 1:100.000, li-
stovi Varazdin (Simunic i dr., 1981.) i Rogatec (Ancic i
Juresa, 1985.). Svaki poligon — litostratigrafska jedinica
dobio je odgovarajuci atribut, odnosno vrstu litoloske
podloge, razdoblje i oznaku, te je povezan sa slojem
pojave klizi§ta na promatranom podrucju. Najveci broj
kliziSta, njih 9, zabiljeZen je unutar naslaga miocenske
starosti, litoloSki odredenih kao pjeS¢enjaci, pijesci, la-
pori i tufovi. Samo jedno kliziste evidentirano je izvan
stijena miocenske starosti i to na proluvijalnim nasla-
gama (kvartar).

PEDOLOSKI CIMBENCI

Ovaj vektorski podatak dobiven je digitaliziranjem
Osnovne pedoloske karte (OPK) Republike Hrvatske
mjerila 1:50 000 i to sljedece sekcije: Ptuj 1, Ptuj 3 i
Ptuj 4, a preuzet je kao vec¢ vektorizirani sloj (Husnjak,
2001.). VaZnost vrste tla moZze se ogledati na nacin da
su one vrste tla pogodne za obradu viSe podloZne poja-
vljivanju kliziSta. Jo§ je vaZno napomenuti da se za
pojavljivanje kliziSta uloga tla takoder oCituje u njego-
vim fizickim svojstvima. Tu se posebno misli na odnos
tla i vode, koja je jedan od vaZznijih uzro¢nika pojavlji-
vanja kliziSta. Odredivanje koli¢ine vode u tlu vazno
je za mnoge inZenjerske probleme zbog toga jer se na
temelju vlaZnosti moze procijeniti ponasanje tla. Unu-
tar istraZivanog podrucja najveci broj klizista, njih 10,
javilo se na kartiranoj podlozi broj 3, odnosno na kom-
binaciji rendzina (antropogena), eutericno smedeg i lesi-
viranog (na laporu) tla (sl. 6). Po mehanickom sastavu to
su najcesce ilovasta do ilovasto-glinasta u povr§inskom
horizontu, glinasto-ilovasta do ilovasto-glinasta u
kambi¢nom horizontu (Husnjak, 2001.). Slijedi kartira-
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dominant morphological processes that are activated de-
pending on the value of the inclination. According to the
division of the landslide areas within the standard geomor-
phological slope classifications (Fig. 3), it can be concluded
that the majority are in the category of 5—12° (15 registered
landslide areas) and 12—-32° (7 registered landslide areas).

With regard to slope exposition, it was determined
that the majority of landslide areas are found on slopes
with a southwest exposition (6 registered landslide are-
as), while there were an equal number of registered land-
slide areas (4 each) on slopes with north, south and west
expositions. It is clear that this share of landslide areas
according to slope exposition is the result of the surface
share of individual exposition classes.

GEOLOGICAL FACTORS

The lithological composition of the substrate was taken
as the main geological factor. A digital lithological map
was created based on basic geological maps with a scale
of 1:100,000, Varazdin sheets (Simunic et al., 1981) and
Rogatec sheets (Anci¢ & JureSa, 1985). Each polygon, or
lithostratigraphic unit, was given the appropriate attributes
and type of lithological substrate, periods and codes, and
was connected with the layer of existing landslides in the
study area. The majority of landslides (9) were recorded
within the deposits of Miocene age, lithologically deter-
mined as sandstones, sands, marls and tuffs. Only one
landslide was registered on rock younger than Miocene
age, on proluvial deposits of Quaternary age.

PEDOLOGICAL FACTORS

This vector data was obtained by digitalising the ba-
sic soil maps of the Republic of Croatia (Ptuj 1, Ptuj 3
and Ptuj 4, scale 1:50,000) taken as the vectorised layer
(Husnjak, 2001). The importance of soil types can be
viewed in such a way that those soil types suitable for
cultivation are more susceptible to the appearance of
landslides. It is even more important to note that the role
of soil in the appearance of landslides is also seen in its
physical properties. This primarily pertains to the re-
lationship of soil and water, which is one of the most
important causes of landslides. Determining the quan-
tity of water in the soil is important for many engineer-
ing problems, as soil behaviour is assessed based on its
moisture content. Within the study area, the majority of
landslide areas (10) appeared in the mapped substrate no.
3, on a combination of rendzina (anthropogenic), eutric
brown and loess soils (Fig. 6). Based on the mechanical
composition, these are primarily loam to clay-loam soils
in the surface horizon, and clay-loam to loam-clay in
the Cambic horizon (Husnjak, 2001). The second high-
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na jedinica tla broj 6, districna (smede na pjescenjaku),
lesivirana (tipicno) i rendzina (na laporu) tla, na kojoj se

javilo 6 klizista.

est number of landslides (6) appeared in map unit no. 6,
composed of distric (brown to sandstone), loess (typical)
and rendzina (to marl) soils.
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S15. Geoloska karta s lokacijom kliziSta
Fig. 5. Geological map with landslide locations
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S1 6. Pedoloska karta s lokacijom kliziSta (legenda Tab. 1)
Fig. 6. Pedological map with location of landslides (legend Tab. 1)
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Tab. 1: Pedoloske jedinice

Klasa | Sastav i struktura % Bonitet | Klasa | Sastav i struktura % Bonitet
Koluvij-eutri¢ni,districni,s prevagom zemljiSnog | 60 Lesivirano na laporu. 40
1 materijala. 0 11 | Districno smede- na pjes¢enjaku. 30 2
Euglej- mineralni, ilovasti. 40 Eutricno smede- verti¢no. 30
Rendzina na dolomitu. 70 Lesivirano na vapnencu i Skriljavim glinama. 50
2 Smede tlo na dolomitu. 30 0 12 Smede na vapnencu i dolomitu. 30 0
Rendzina — karbonatna i izluzena. 10
Crnica- organo mineralna. 10
Rendzina- antropogena. 40 Lesivirano na laporu, pijesku, antropeginizirano. 50
3 Eutri¢no smede, verti¢no. 30 10 13 Pseudoglej — obronacni. 20 0
Lesivirano- na laporu. 30 Rendzina — antropogena. 20
Eutritno — smede, verti¢no. 10
Rendzina-, antropogena, glinasta 50 Rigolana tla vinograda (vitisoli ). 70
4 | Vitisol, glinasti. 30 0 14 | Antropogena tla njiva. 30 0
Eutri¢no -smede verti¢no. 20
Eutri¢no- smede, verticno. 50 Pseudoglej — obrpnacni, srednje duboki. 60
5 Antropogena rendzina, glinasta. 30 0 15 | Lesivirano pseudoglejno i tipicno. 30 0
Lesivirano na lapor, antropogenizirano. 20 Rendzina - antropogena ilovasta. 10
Districno- smede na pjescenjaku. 50 Hipoglej - mineralni, nekerbonatni 80
6 | Lesivirano- tipicno. 30 6 16 | Koluvij - eutri¢ni, hipoglejni. 20 0
Rendzina na laporu. 20
Distri¢no- smede na pjescenjaku. 60 Amfiglej — mineralni, glinasto ilovasti. 90
Eutri¢no- smede. 20 Koluvij — karbonatni, hipoglejni. 10
7 - 1 17 0
Rendzina na laporu. 10
Lesivirano na pijesku. 10
Distri¢no smede na pjeScenjaku i Skriljcima. 60 Amfiglej — mineralni, nekarbonatno, verti¢ni. 50
8 Smede tlo na vapnencu. 15 0 18 Hipoglej mineralni, nekerbonatni. 40 0
Rendzina na laporu i vapnencu. 15 Amlfiglej — mineralni, nekarbonatni, ilovasto glinasti. 10
Eutri¢no smede na filitu. 10
Smede na vapnencu i dolomitu. 50 Euglej- mineralni, ilovasto glinasti. 55
9 | Rendzina na dolomitu i pjeScenjaku. 30 2 19 | Kluvij — eutri¢ni, karbonatni od zemlji$nog materijala. | 35 0
Crnica- organo mineralna. 20 Koluvij na fosilnom tlu, antropogenizirani. 15
Smede na vapnencu. 50 Gradska podrucja 100
10 | Rendzina na vapnencu i laporu. 40 2 20 0
Antropogena tla- vinograda. 10
Tab. 1: Soil units
Class | Composition and structure % | Weighting | Class | Composition and structure % | Weighting
Colluvial soil-eutric,distric, with predominantly 60 Loess on marl. 40
1 earth materials. 0 11 | Distric brown — on sandstone 30 2
Eugley- mineral, loamy. 40 Eutric brown - vertic. 30
Rendzina on dolomite. 70 Loess on limestone and clay slates 50
Brown soil on dolomite. 30 Brown on limestone and dolomite 30
2 0 12 . 0
Rendzina — carbonate 10
Black soil - organo mineral. 10
Rendzina- anthropogenic. 40 Loess on marl, sand, anthropogenic 50
3 Eutric brown, vertic. 30 10 13 Pseudogley — on slope 20 0
Loess — on marl. 30 Rendzina — anthropogenic 20
Eutric — brown, vertic 10
Rendzina, anthropogenic, clayey 50 Rigosol of vineyards (vitisols). 70
4 | Vitisol, clayey. 30 0 14 | Anthropogenic soils of fields 30 0
Eutric — brown vertic. 20
Eutric- brown, vertic 50 Pseudogley — on slope, medium deep 60
5 Anthropogenic rendzina, clayey. 30 0 15 | Loess — pseudogley and typical 30 0
Loess on marl, anthropogenic. 20 Rendzina — anthropogenic loamy 10
Distric — brown on sandstone 50 Hypogley - mineral, noncarbonate 80
6 | Loess - typical. 30 6 16 | Colluvial - eutric, hypogley. 20 0
Rendzina on marl. 20
Distric — brown on sandstone 60 Amphigley — mineral, clay-loam 90
7 Eutric - brown 20 | 17 Colluvial — carbonate, hypogley. 10 0
Rendzina on marl 10
Loess on sand 10
Distric brown on sandstone and slates 60 Amphigley — mineral, non-carbonate, vertic. 50
8 Brown soil on limestone 15 0 18 Hypogley - mineral, noncarbonate. 40 0
Rendzina on marl and limestone 15 Amphigley — mineral, noncarbonate, loamy clay. 10
Eutric brown on flysch 10
Brown on limestone and dolomite. 50 Eugley - mineral, loamy clay 55
9 Rendzina on dolomite and sandstone. 30 2 19 | Colluvial - eutric, carbonate of earthen materials. 35 0
Black soil - organo mineral. 20 Colluvial on fossil soil, anthropogenic. 15
Brown on limestone 50 Urban areas 100
10 | Rendzina on limestone and marl 40 2 20 0
Anthropogenic soil - vineyards 10
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KLIMATOLOSKI CIMBENICI

Sloj prosjecne godisnje koli¢ina padalina za podrucje
Grada Lepoglave izracunat je pomocu vertikalnog gra-
dijenta padalina. U racun je uzeto 11 stanica najblizih
podrudju istrazivanja (tab. 2).

CLIMATOLOGY FACTORS

The layer of the mean annual amount of precipitation
for the area of the town of Lepoglava was calculated us-
ing the vertical precipitation gradient. The calculation
used data from the 11 weather stations nearest the study
area (Tab. 2).

Tab. 2. Prosjetne godiSnje koli¢ine padalina (mm) za razdoblje 2000. — 2009. godina meteoroloskih postaja Sireg prostora

istrazivanja
Tab. 2. Mean aneral amount of precipitation (mm) for the period 2000-2009 from meteorological stations throughout the

study area

Fesipfo Prosjecna godiSnja koli(.:it.la padalina (mm)/Mean Vis.ina postajfe (m)/
annual precipitation (mm) Station elevation (m)

Bednja* 921,1 240
Cakovec 699,8 165
Koprivnica 791,7 141
Krapina 832,5 202
Krizevci 736,9 155
Ludbreg 826,6 158
Novi Marof 831,9 200
Pregrada 855 220
Stubicke Top. 936 180
Varazdin 758,1 167
Zabok 869,2 150

Izvor: Drzavni hidrometeoroloski zavod, Zagreb
Source: State Hydrometeorological Institute, Zagreb

*reducirane vrijednosti za razdoblje 2000. — 2005. prema podacima stanice Krapina.
*reduced values for the period 2000-2005 according to data from the Krapina station.

Korelacijom prosjecne godiSnje koli¢ine padalina i
nadmorske visine postaja izraCunata je jednadzba krivo-
linijske regresije:

y = 139,04x03400

Temeljem podataka digitalnog modela reljefa i
jednadZbe krivolinijske regresije izracunat je sloj prosjecne
koliCine padalina istrazivanog podrucja (sl. 7).

Klizanje se obi¢no pojavljuje kod viSednevnih, inten-
zivnih kiSa, kada dolazi do zasi¢enja tla vodom, odno-
sno do povecanja razine podzemne vode koja je takoder
jedan od uzro¢nika pojavljivanja klizanja. Prisutnost
vode javlja se kao Cinitelj u najve¢em broju slomova ko-
sina, jer voda izaziva povelanje naprezanja i smanjenje
¢vrstoce.

UDALJENOST OD POVRSINSKIH TOKOVA
Povrsinski tokovi, odnosno doline koje ih predsta-

vljaju, odredeni su iz DMR-a pomoc¢u funkcija Flow Di-
rection i Flow Accumulation. lako ne moraju biti stvarni
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The correlation of the average amount of precipita-
tion and elevation of the stations was calculated using
the curved line regression equation:

y = 139.04x03400

Based on the data from the digital terrain model and
the curved line regression equation, the layer of the aver-
age amount of precipitation in the study area was calcu-
lated (Fig. 7).

Landslides usually appear after multi-day intensive
rains, when the soil is waterlogged and ground water
levels increase, which is another cause of landslides.
The presence of water appears as a factor in the major-
ity of inclination breaks, as water increases strain and
decreases layer strength.

DISTANCE FROM SURFACE WATER COURSES

Water courses, and the valleys they represent were
determined from the DTM using the functions Flow Di-
rection and Flow Accumulation. Though these need not
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S1. 7. Karta prosjecne godiSnje koli¢ine padalina s lokacijom kliziSta
Fig. 7. Map of mean annual amounts of precipitation with landslide areas

49



Acta Geogr. Croatica, vol. 38 (2010.-2011.), 35-58, 2012. 1. Lopari¢, M. Pahernik: GIS analiza ugrozenosti padina kliziStima u podrucju...

o Kliziste/Landslide

PovrSinski tok/Surface water course

Udaljenost od toka (m)/ Bonitet/
Distance from water course Weight

| 0-100 13
B 100- 200 9
| >200 2

4 km

S1. 8. Pojava klizi$ta s obzirom na udaljenost od talvega dolina (vodotoka)
Fig. 8. Appearance of landslides based on the distance from thalwegs (water courses)
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povrsinski tokovi, mogu posluZiti u analizi jer ocrtavaju
moguce pravce kretanja vode, odnosno njenu akumula-
ciju, ali 1 ve¢inu povrsinskih tokova koji se nalaze na
podrucju Lepoglave. Udaljenost od talvega dolina po-
dijeljena je u razrede po 50 m. Iz kartografskog prikaza
(sl. 8) nazire se generalno opadanje broja kliziSta po-
rastom udaljenost od talvega doline (povrSinskog toka).
Tako se 13 klizista pojavljuje unutar 100 m udaljenosti
od toka, 9 u rasponu od 100 — 200 m, a 2 na udaljenosti
vecoj od 200 m.

NACIN KORISTENJA ZEMLJISTA

Podaci za nacin koriStenja zemljiSta su preuzeti u vec
digitaliziranom obliku sa sluzbenih web stranica Europ-
ske agencije za okoli§, u sklopu koje postoji CORINE
Land Cover baza podataka. Podrucje Grada Lepoglave
prekriva ukupno 9 klasa, od ukupno 39 koje prekrivaju
podrucje Hrvatske (sl. 9). Najveci udio obuhvacaju klasa
311 - Bjelogori¢na Suma, 30,44 km? odnosno 46,46% te
242 — Kompleks kultiviranih parcela, 13,5 km? tj. 20,61%,
dok najmanji dio zauzimaju klase 211 — Nenavodnjavano
obradivo zemljiste, 0,33 km?, 0,51% i 131 — Mjesta ek-
sploatacije mineralnih sirovina, 0,36 km?, 0,55%. Prema
mjestu dosada$njih pojavljivanja kliziSta, zabiljeZena su
u samo 5 od 9 navedenih klasa na kojima se javilo kli-
zanje. NajviSe zabiljezenih kliziSta nalazi se u klasi 242
- Kompleks kultiviranih parcela. MoZe se uociti kako
vecina kliziSta nastaje upravo tamo gdje je izraZen ljudski
faktor, odnosno na mjestima gdje se obraduje zemljiste.
Moze se uociti kako su kliziSta registrirana i pod klasom
“Nepovezana gradska podrucja”. Razlog je taj Sto ova kla-
sa nije striktno samo urbano srediste, ve€ se u njoj nalaze
i obradive povrSine, uglavnom vinogradi i vo¢njaci, koji
se navode kao ugrozeni klizanjem.

Za odredivanje udaljenosti od prometnica uzeti su
svi putovi po kojima se kre¢u motorna vozila koja stva-
raju umjetne vibracije koje utjecu na pojavu klizista. Za
odredivanje i digitalizaciju istih posluZile su topografske
karte te aerofotosnimke lepoglavskog podruja. Sva
klizista nalaze se unutar 100 m od prometnice, odnosno
70% kliziSta se nalazi unutar 30 m udaljenosti (sl. 10). U
analizu su uzete udaljenosti po 20 m od cesta.

Zadnjom reklasifikacijom, prije prostornog prekla-
panja svih slojeva, pojedine atributne vrijednosti svih
koriStenih slojeva podijeljene su u pet kategorija prema
ugroZzenosti, od vrlo niske do vrlo visoke. Podjela je oba-
vljena na nacin da su po dvije bonitetne klase smjeStene
u jednu kategoriju, npr. 0 i 1 u vrlo nisku, 2 1 3 u nisku
itd. sve do 9 i viSe kojoj pripada kategorija vrlo viso-
ka ugrozenost. Kod preklapanja svi ¢imbenici imali su
jednake teZzinske udjele. Dobiven prikaz ugroZzenosti
klizistima (sl. 11.) pokazuje da je 0,7 km? (1%) podrugja
koja se nalaze u kategoriji vrlo visoke ugrozenosti, 13,1

be true surface courses, they can serve in the analysis as
they indicate the possible route of water flow and its accu-
mulation, and the majority of surface water courses found
in the territory of the town of Lepoglava. The distance
from thalwegs is divided into 50 m classes. From the map
(Fig. 8), a general drop in the number of landslide areas is
evident with increasing distance from thalwegs (of surface
water courses). A total of 13 landslide areas appear within
100 m of the water course, 9 at a distance of 100—200 m,
and 2 at a distance greater than 200 m.

LAND USE

Land use data were taken in digitalised form from
the official website of the European Environment Agen-
cy where the CORINE Land Cover database is availa-
ble. The area of the town of Lepoglava includes 9 classes
of the total of 39 classes present in the Croatian terri-
tory (Fig. 9). The largest areas are covered by class 311
(broad-leaved forest; 30.44 km? or 46.46%) and class
242 (complex cultivated patterns; 13.5 km? or 20.61%),
while the smallest are covered by class 211 (non-irrigat-
ed arable land; 0.33 km?or 0.51%) and class 131 (mineral
extraction sites; 0.36 km? or 0.55%). Previous landslides
were recorded in only 5 of these 9 classes. The highest
number of registered landslides occurred in class 242
(complex cultivated patterns). It can be observed that the
majority of landslides occur in places with a pronounced
anthropogenic factor, i.e. on arable land. It can also be
noted that landslides are registered under the class “dis-
continuous urban fabric”. The reason for that is that this
class is not strictly only urban areas, but also covers ar-
able land, vineyards and orchards if they fall within ur-
ban boundaries, as areas susceptible to landslides.

To determine the distance from the roads, all paths
upon which motor vehicles can travel and create artificial
vibrations that impact the occurrence of landslides were
considered. For their determination and digitalisation,
topographic maps and aerial photos of the Lepoglava
region were used. All landslide areas were located with
100 m of a road, and 70% of the landslide areas were
located with 30 m of a road (Fig. 10). Distance intervals
of 20 m from the road were used in the analysis.

With the final reclassification prior to the spatial over-
lap of all layers, individual intrinsic values of all used
layers were divided into five categories based on the risk
level, from very low to very high. The division was con-
ducted in such a way that two weight classes were placed
in a single category, e.g. 0 and 1 in very low, 2 and 3 in
low, etc. to 9 and more which belonged to the category
of very high risk. In the overlap, all factors had the same
weight shares. The landslide hazard overview obtained
(Fig. 11) indicates that there is an area of 0.7 km? (1%)
that falls within the very high hazard category, 13.1 km?
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* KliziSte/Landslide
CORINE - Broj i opis klase

Bonitet
- 112 - Nepovezana gradska podrucja 4

131 - Mjesta eksploatacije mineralnih
sirovina

|:, 211 - Nenavodnjavano obradivo

zemljiSte

|| 231 - Pasnjaci
|| 242-Kompleks kultiviranih parcela

‘ 243 - Pretezno poljodjelska zemljista s
~ vecim podru¢jima prirodne vegetacije

- 311 - Bjelogori¢na Suma 5
] 313 - Mjesovita suma 0

324 - Prijelazno podrucje sume -
zaraStanje. grmicasta Suma

q-.q

S1. 9. CORINE model namjene povrsina s lokacijom kliziSta
Fig. 9. CORINE land use model with landslide areas
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e KliziSte/Landslide

e - Cesta/put/Road/path

Udaljenost od ceste/puta (m)/  Bonitet/
Distance from road/path (m)  Weight

19
4

0 2 4 km

S1. 10. MreZza prometnica s lokacijama klizita
Fig. 10. Roads network with landslide areas
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km? (20,5 %) podrugja u kategoriji visoke ugrozenosti,
19,4 km? (29,7 %), u kategoriji srednje ugrozenosti, 28,5
km? (43,6 %) u niskoj kategoriji, §to ujedno i ¢ini najveci
dio podrugja, te 3,4 km? (5,2 %) podrucja u vrlo niskoj
kategoriji ugrozenosti.

Prema kartografskom prikazu vidljivo je kako je
najugrozeniji sjeverni dio istraZzivanog podrucja, jedan
dio u sredisnjem dijelu i jedan manji dio na jugu. Sjeverni
dio podrucja obuhvaca 6 naselja s ukupno 1781 stanov-
nikom (2001.), 20% od ukupnog stanovniStva Grada Le-
poglave. Prosjecna gustoca stanovniStva ovog podrucja
iznosi 95,6 st/km?, §to je ispod gustoce stanovniStva
Grada Lepoglave (134,5 st/km?), ali iznad gustoce sta-
novnika Republike Hrvatske. Kad se tome pridoda jos
gusta mreza prometnica, moze se zakljuciti da bi Steta
od aktiviranja klizi$ta u tom prostoru bila velika.

ZAKLJUCAK

Prirodni rizici imaju osobito vaznu ulogu u istraZi-
vanju u geografskim i ostalim geoznanstvenim istrazi-
vanjima. Medu njima znacajno mjesto imaju prirodne
pojave geoloskog i geomorfoloskog tipa: potresi, vulka-
ni, klizi$ta i odroni. S obzirom na genezu, smjestaj i
utjecaj na geoprostor, klizanju i kliziStima kao i njiho-
vim posljedicama, potrebno je posvetiti posebnu paznju.
Dugi niz godina radilo se na izradi karata koje prikazuju
zone ugrozenosti klizanjem, ali razvoj racunala i pose-
bice GIS-a omogucio je analizu veceg broja prostornih
podataka. Kvaliteta rezultata dobivenih GIS analizom
ovisi o broju i kvaliteti ulaznih podataka te o znanju ko-
risnika koji izvodi analizu. Za prostor Grada Lepoglave
izraden je jedan takav tematski prikaz ugroZzenosti pa-
dina klizi$tima.

U GIS analizu uvrsteni su ¢imbenici koji uzrokuju
klizanje i lokacije registriranih klizi§ta. UzroCnici su
svrstani u Cetiri grupe i to kao: 1) geomorfoloski: nagib
padine, ekspozicija, udaljenost od povrsinskih tokova; 2)
bioklimatoloSki: pedologija, prosjecna koli¢ina padali-
na, vegetacija; 3) antropogeni: nacin koriStenja zemljista
i udaljenost od cestovnih prometnica; 4) geoloski: lito-
logija. Na temelju karte ugrozenosti padina klizi$tima
izvrSena je inventarizacija povrSina pojedinih razina
ugrozenosti. Moze se re¢i kako ukupno 48,8% povrsine
nije ugrozeno (vrlo niska i niska ugrozenost), a tek 21,5
% povrsine je ugrozeno (visoka i vrlo visoka ugrozenost)
pojavljivanjem kliziSta. Preostalih 29,7% povrS$ine pri-
padaju umjerenoj kategoriji ugroZenosti. Prostorni ra-
spored udjela po kategorijama ugroZenosti posljedica
je primarno geoloske grade prostora te morfometrijskih
parametara reljefa. Na temelju karte ugrozenosti moze
se jasno vidjeti kako se kategorije visoke ugrozenosti
najvise poklapaju s naslagama miocenske starosti. Time,
bez zanemarivanja vaznosti ostalih ¢imbenika, geoloski
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(20.5%) that falls within the high hazard category, 19.4
km? (29.7%) in the moderate hazard category, 28.5 km?
(43.6%) in the low category as the largest category in the
study area, and 3.4 km? (5.2%) of the area in the very
low hazard category.

The map indicates that the northern part of the study
area is most at risk, as are a part in the central area and a
smaller part in the southern area. The northern part of the
study area includes six settlements with a total population
of 1781 (2001 census) or 20% of the total population of the
town of Lepoglava. The average population density in this
area is 95.6 persons/km?, which is less than the total densi-
ty of the town (134.5 persons/km?), but higher than the total
population density for the Republic of Croatia. Adding to
this the dense road network, it can be concluded that dam-
ages incurred to this area from landslides would be great.

CONCLUSION

The natural hazards have a particularly important
role in the research of geographic and other geoscien-
tific studies. Among them, the natural events of geologi-
cal and geomorphological types are significant, particu-
larly: earthquakes, volcanoes, landslides and rock falls.
With regard to their genesis, position and influence in
the geospace, landslides and their consequences deserve
special attention. For many years, mapping was done to
indicate landslide susceptible zones. However, with the
development of computers and GIS tools, the analysis
of a larger number of spatial data became possible. The
quality of results obtained using GIS analysis depends
on the number and quality of entry data and the knowl-
edge of the user conducting the analysis. For the area of
the town of Lepoglava, a thematic overview of landslide
susceptible slopes were developed in that way.

Factors influencing landslides and the locations of
registered landslides were entered into the GIS analysis.
Causal factors were divided into four groups: 1) geomor-
phological: slope inclination, exposition, distance from
surface water courses; 2) bioclimatic: pedological, mean
precipitation, vegetation; 3) anthropogenic: land use and
distance from roads, and 4) geological: lithology.

Based on the map of landslide susceptibility, areas
with varying levels of risk were inventoried. It can be
concluded that a total of 48.8% of the area is not at risk
(very low and low risk) and only 21.5% of the area is at
risk (high and very high risk) of a landslide occurrence.
The remaining 29.7% of the area falls within the area of
moderate risk. The spatial distribution of these shares by
risk categories is due primarily to the geological struc-
ture of the area, and the morphometric terrain param-
eters. Based on the risk map, it is clear that the high risk
categories overlap most with deposits of Miocene age.
Without neglecting the importance of the remaining
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Razina ugrozenosti
Hazard level

B visoka/High

- Niska/Low

B Viio visoka/Very high

|:] Umjerena/Moderate

- Vrlo niska/Very low

Sl. 11. Karta ugrozenosti padina klizi§tima u podrucju Grada Lepoglave
Fig. 11. Landslide hazard map in the area of the town of Lepoglava
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¢imbenik bi se za podru¢je Grada Lepoglave mogao
okarakterizirati kao najutjecajniji ¢imbenik kod poja-
vljivanja klizanja.

Prema dobivenim podacima uocava se kako je
najugrozeniji sjeverni dio istraZzivanog podrucja, jedan
dio u sredisnjem dijelu i jedan mali dio na jugu. Sjeverni
dio podrucja obuhvaca 6 naselja s ukupno 1781 stano-
vnikom (2001.), 20% od ukupnog stanovniStva Grada
Lepoglave. Prosjecna gusto¢a stanovnika ovog podrucja
iznosi 95,6 st/km?, §to je ispod gustoce stanovnika Gra-
da Lepoglave (134,5 st/km?), ali iznad gustoce stano-
vnika Hrvatske. Kad se tome pridoda joS gusta mreZa
prometnica, moze se zakljuciti da bi Steta od aktiviranja
klizi$ta u tom prostoru bila velika.

Ovom analizom prikazana je jedna od mogucih
prostornih analiza ugroZenosti padina kliziStima u
svrhu zaStite ljudi, imovine i okoliSa. Analizom je
uspostavljen model, koji moZze posluZziti za brzo i efika-
snije dobivanje Zeljenih rezultata, ali moZze posluZziti i
kod odredivanja drugih vrsta rizika koji koriste sli¢ne
podatke i metode.

factors, the geological factor in the area of the town of
Lepoglava could be characterised as the most influential
factor for the occurrence of landslides.

The data obtained indicated that the northern part of
the study area is most at risk, with one area in the cen-
tral part and one small area in the southern part of the
study area. The northern part of the area includes six set-
tlements with a total population of 1781 (2001 census), or
20% of the total population of the town of Lepoglava. The
mean population density in this area is 95.6 persons/km?,
which is lower than the population density for the whole
town of Lepoglava (134.5 persons/km?), but higher that
the population density at the national level. Adding the
dense road network to this, it can be concluded damage
from the activation of landslides would be great.

This analysis gives an overview of one of the possible
spatial analyses of landslide susceptibility intended to pro-
tection humans, property and the environment. The analysis
establishes a model that can serve to quickly and efficiently
obtain the desired results, but can also serve to determine
other types of risks using similar data and methods.

LITERATURA IIZVORI
LITERATURE AND SOURCES

Anci¢, B, Jurisa, M. (1985.): Osnovna geoloskakarta 1:100000,
list Rogatec, Geoloski zavod Ljubljana i Geoloski zavod
Zagreb.

Bognar, A. (1983.): Tipovi kliziSta u Hrvatskoj, Zbornik jugo-
slavenskog simpozija “Privredne nepogode u Jugoslaviji”.
SGDJ, Ljubljana.

Bognar, A. (1996.): Tipovi kliziSta u Republici Hrvatskoj i Re-
publici Bosni i Hercegovini - geomorfoloski i geoekoloski
aspekti. Acta Geographica Croatica, vol. 31, Geografski
odsjek PMF-a, Zagreb, 27-39.

Carrara, A., Cardinali, M., Guzzetti, F., Reichenbach, P.
(1995.): GIS-based Techniques for Mapping Landslide
Hazard. In A. Carrara, F. Guzzetti (eds), Geographical In-
formation Systems in Assessing Natural Hazards, Kluwer
Academic Publisher, Dordrecht, str.135-175.

DrZzavni hidrometeoroloski zavod Republike Hrvatske, Arhi-
va klimatoloskih podataka, Zagreb

Galli, M., Ardizzone, F., Cardinali, M., Guzzetti, F., Reichen-
bach, P. (2008.): Comparing landslide inventory maps,
Geomorphology, Vol. 94, Iss. 3-4, str. 268-289.

Goti¢, R., Goti¢, 1. (1998.): Istrazivanje stabilnosti kliziSta i
uzroka njihova nastanka u sjeverozapadnom dijelu Hrvat-
ske, Croatian geotechnical journal 5, 11-12; 43-51.

Husnjak, K. (2001.): Procjena pogodnosti zemljiSta na podrucju
opcine Lepoglava za ratarsku proizvodnju, diplomski rad,
36 str., Agronomski fakultet, Zagreb.

Manegold, J. (2003.): Using the ModelBuilder of ArcGIS 9 for
Landscape Modeling, ESRI-Germany, http:/www.mas-
terla.de/conf/pdf/conf2003/71manego.pdf (20.03.2011).

56

Mihali¢, S., Vujnovi¢, T., Skrinjar, G., Mihali¢ek, G., Martin-
jak, J., Markovinovi¢, T. (2008.): Ublazavanje opasnosti
od klizanja - zoniranje osjetljivosti na klizanje, Pavic,
Ante (ur.). Savjetovanje Zagrebacke vode - zbornik ra-
dova, Zagreb, str. 113-120

Pahernik, M. (2007.): Digitalna analiza padina otoka Raba,
Geoadria, vol. 12 (1); str. 3-22.

Popis stanovniStva, kucanstva i stanova 31. ozujka 2001.,
DZS, Zagreb.

Prostorni plan uredenja Grada Lepoglave, broj elaborata 1175,
Urbanisticki institute Hrvatske d.d., Zagreb, 2003.

Suganthi, S., Srinivasan, K. (2010.): Digital Elevation Model
Generation and its Application in Landslide Studies Using
Cartosat-1, International Journal of Geomatics and Geo-
science, Volume 1, No 1, p. 41-50

Segota, T., Filipci¢, A. (1996.): Klimatologija za geografe,
Skolska knjiga, Zagreb.

Simunié, A., Pikija, M., He¢imovi¢, I. (1981.): Osnovna
geoloska karta 1:100000, list Varzdin, Geoloski zavod,
Zagreb.

Simuni¢, A. (1983.): Pregled geoloske grade sjeverozapadne
Hrvatske, u Varazdinski zbornik. Zbornik radova sa zn-
anstvenog skupa povodom obiljezavanja 800. godiSnjice
grada Varazdina, str. 41-50.

Van Westen, C.J., Rengers, N., Soeters, R. (2003.): Use of
geomorphological information in indirect landslide sus-
ceptibility assessment, Natural Hazards, Vol. 30, No. 3,
p- 399-419.



Acta Geogr. Croatica, vol. 38 (2010.-2011.), 35-58, 2012.

I. Lopari¢, M. Pahernik: GIS analysis of landslide susceptible areas...

SAZETAK

Klizista predstavljaju kretanje tla s padine na kliznoj plohi
pod utjecajem gravitacije. Oblikovanje klizne plohe osnova je
razvoju kliziSta. Ona se najcesCe veze za glinu ili glinovite se-
dimente bogate koloidnim Cesticima. Klizanje tla, uz fluvijal-
nu eroziju, spiranje i jaruzenje predstavljaju dominantne de-
strukcijske procese u genezi istrazivanog prostora. Nezeljeni
ucinci kliziSta su veCinom povezani sa Stetom koja nastane
na infrastrukturi i gospodarskim objektima. Stalno Sirenje
¢ovjekovog zivotnog prostora u podrucja manje pogodna za
gospodarske aktivnosti poveava potrebu za predvidanjem
moguce pojave kliziSta.

Prostorna analiza unutar geografskih informacijskih su-
stava (GIS) predstavlja temelj vrednovanja prostora s obzirom
na ugrozenost padina od procesa klizanja.

Temeljna metoda prostorne analize ugrozenosti padina
klizistima u podrucju Grada Lepoglave vezana je za Cinjenicu
da ¢e lokacija pojave novih kliziSta biti ¢eS¢a na lokacijama
sa sli¢nim litoloSkim, geomorfoloskim, hidroloSkim i drugim
prilikama pod kojima su nastala recentna kliziSta. Tako su bo-
niteti parametara odredeni brojem postojecih kliziSta unutar
promatrane kategorije uzroka nastanka kliziSta. Odreden broj
zabiljezenih klizi$ta na pojedinoj jedinici svakog promatranog
parametra dodijeljen je toj jedinici kao bonitetna kategorija te
jedinice. Tako klasificirani kartografski slojevi spremni su za
zavr$nu sintezu metodom prostornog preklapanja. Podaci su
organizirani u Cetiri grupe s obzirom na vrstu uzro¢nika kli-
zanja: geomorfoloski, geoloski, bioklimatolo$ki i antropogeni
¢imbenici.

Geomorfoloski ¢imbenici zastupljeni su morfometrijskim
obiljeZjima nagibima i ekspozicijom padina. Najveci bonitet
zabiljeZen je kod nagiba padina kategorija 5 — 12°1 12 —32° te
na padinama s jugozapadnom ekspozicijom, dok je podjednak
razvoj klizista na sjevernim, juznim i zapadnim ekspozicija-
ma. S obzirom na litolosku podlogu, najveci bonitet dodijeljen
je stijenama odredenima kao pjeSCenjaci, pijesci, lapori i tu-
fovi. Ovakav litoloski kompleks najpogodniji je za razvoj
kliziSta jer se u izmjeni nalaze propusni pjeskoviti i nepropu-
sni glinoviti slojevi. Slican odnos je i kod boniteta pedoloskih
jedinica, gdje su najveCe vrijednosti zabiljeZene na ilovastom,
do ilovasto-glinastom tlu.

S obzirom na udaljenost klizista od talvega dolina (povr-
Sinskog toka), postoji generalno opadanje broja kliziSta s
porastom udaljenost, tako da se 13 klizista pojavljuje unutar
100 m udaljenosti od toka, 9 u rasponu od 100 — 200 m, a 2 na
udaljenosti ve¢oj od 200 m.

CORINE model posluzio je za dodjelu boniteta klasa-
ma namjene zemljiSta. NajviSe zabiljeZenih kliziSta nalazi
se u klasi kompleksa kultiviranih parcela i nepovezanih
gradskih podru¢ja. MoZe se uociti kako vecina kliziSta na-
staje upravo tamo gdje je utjecajan ljudski ¢cimbenik, odno-
sno na mjestima intenzivne graditeljske aktivnosti i obrade
zemlje. Analiza antropogenog ¢imbenika odredenog kroz
udaljenosti od prometnica pokazuje da se sva klizista na-
laze unutar 100 m od prometnice, a ¢ak 70% kliziSta do 30
m udaljenosti.

SUMMARY

A landslide is any down slope movement of soil and rock
under the direct influence of gravity. Together with fluvial
erosion, colluvation and gullying, landslides are the dominant
destructive processes in the genesis of the study area. Their
undesirable effects mostly include damage to the surround-
ing infrastructure and agricultural facilities. Constant urban
expansion for human living space in areas less suitable for
economic activities increases the necessity to detect possible
landslide occurrences.

The data collected by spatial analysis and integrated into
the geographical information system form the basis for land-
slide hazard assessment.

The basic method for spatial analysis of landslide suscepti-
ble areas and slope failure in the town of Lepoglava is related to
the fact that there is a tendency for possible landslide locations
to be more common in areas of the same or similar lithological,
geomorphological, hydrological and other conditions as areas
where recent landslides have occurred. This is why the intrinsic
values of these parameters are determined by the number of ex-
isting landslides in the observed category of landslide causes. A
certain number of landslides registered in each parameter unit
are assigned to this unit as its intrinsic category. Cathographic
layers classified in such a way are synthesized according to the
spatial overlapping method. The data are organized into four
groups based on the type of landslide causes: geomorphologi-
cal, geological, bioclimatic and man-made factors.

Geomorphological factors are influenced by morphomet-
ric characteristics of slopes and slope exposition. The great-
est intrinsic value has been registered in two categories of
slope inclinations: 5-12° and 12-32°, and slopes of southwest
exposition, while landslides can equally occur on slopes of
north, south and west exposition. Considering the lithological
composition of surface, the greatest intrinsic value has been
assigned to rocks defined as sandstones, sandy soil, marly
soil and tuffs. This rocklike structure is very prone to land-
slide occurrence since it is composed of permeable sandy and
impermeable clayey layers. Pedological units show that the
greatest values are registered for loamy and clay loamy soil.

With regard to the distance from landslide areas to thal-
wegs, it can be observed that the number of landslides de-
creases with greater distance from the source, e.g. thirteen
landslides have occurred within a 100 m distance from the
stream, nine at 100—200 m distance and only two landslides
have occurred at a distance over 200 m from the stream.

A CORINE model has been used to assign values to differ-
ent classes of the intended land use. The highest number of land-
slides has been registered in the class of cultivated plots of land
and unconnected urban areas. This leads us to the conclusion
that most landslides occur in places greatly influenced by hu-
man factors, i.e. in places where intensive construction activities
and land cultivation take place. Anthropogenic factor analysis
based on relative distance from the road shows that all land-
slides occur within a 100 m distance from roads, and even 70%
of landslides occur within only 30 m distance from roads.

By means of final reclassification, intrinsic values of all
the soil layers have been divided into five categories accord-
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Zadnjom reklasifikacijom, boniteti svih koriStenih sloje-
va podijeljeni su u pet kategorija prema ugrozenosti, od vrlo
niske do vrlo visoke. Podjela je obavljena na nacin da su po
dvije bonitetne klase smjestene u jednu kategoriju, npr. 0 i 1
u vrlo nisku, 2 i 3 u nisku itd. sve do 9 i viSe kojoj pripada
kategorija vrlo visoka ugrozenost.

IzraCunati prikaz ugrozenosti padina kliziStima pokazuje
da je 0,7 km? (1%) podrucja koja se nalaze u kategoriji vrlo
visoke ugrozenosti, 13,1 km? (20,5%) podrutja u kategoriji
visoke ugrozenosti, 19,4 km? (29,7%), u kategoriji srednje
ugrozenosti, 28,5 km? (43,6%) u niskoj kategoriji, §to ujedno
i ¢ini najveci dio podrutja, te 3,4 km? (5,2%) podrutja u vrlo
niskoj kategoriji ugroZenosti. NajugroZeniji je sjeverni dio
podrucja koji obuhvaca 6 naselja s ukupno 1781 stanovnikom
(2001.), 20% od ukupnog stanovniStva Grada Lepoglave.
Prosjetna gustoca stanovnika ovog podrucja iznosi 95,6 st/
km?, §to je ispod gustole stanovnika Grada Lepoglave (134,5
st/km?), ali iznad gustoce stanovnika Republike Hrvatske.
Kad se tome pridoda jo§ gusta mreza prometnica, moze se
zakljuCiti da bi Steta od aktiviranja kliziSta u tom prostoru
bila velika.
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ing to the level of landslide hazard and risk, from very low to
very high. This division has been made in the following way:
two classes of intrinsic values are placed in one category, for
example 0 and 1 fall into very low, 2 and 3 fall into low risk,
etc., while 9 and above fall into the category of very high level
of landslide hazard.

Such analysis of landslide susceptible areas shows that 0.7
square kilometres (1%) of the study area falls into the cat-
egory of very high landslide hazard, 13.1 km? (20.5%) of the
land area fall into the high hazard category, 19.4 km? (29.7%)
of the study area fall into the moderate hazard category, the
largest area covering 28.5 km? (43.6%) has a low hazard for
future landslides, and 3.4 km? (5.2%) of the area falls into the
very low hazard category. The northern part of the study area,
encompassing six populated areas with a total of 1,781 inhab-
itants (in 2001) or 20% of the total Lepoglava population, runs
the highest risk of landslide occurrence. The average popula-
tion density of this area is 95.6 inhabitants per square kilome-
tre, which is lower than that of the town of Lepoglava (134.5
inhabitants per km?), though higher than the Croatian popula-
tion density. If we also take into account the dense transport
network, it can be concluded that a landslide occurrence could
incur serious damage to the town of Lepoglava.
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